Myocardial infarction occurring in young people with angiographically normal coronary arteries is well described but the pathophysiology of this condition remains unknown. Coronary artery spasm in association with thrombus formation and minimal atheromatous disease or spontaneous coronary artery dissection are possible causes. Two young men presented with severe chest pain after acute alcohol intoxication and each sustained an extensive anterior myocardial infarction. Investigations including intravascular ultrasound showed no evidence of atherosclerotic coronary artery disease. Coronary artery spasm associated with acute alcohol intoxication as well as a prothrombotic state and endothelial damage related to cigarette smoking may be mechanisms leading to acute myocardial infarction in these cases. Acute myocardial infarction occurs in young persons with normal coronary arteries and the diagnosis should be considered in young patients presenting with severe chest pain, particularly those abusing cocaine or alcohol, so that reperfusion therapy can be initiated promptly.
Acute myocardial infarction may occur when the coronary arteries are normal or nearly normal. [1] [2] [3] In patients with normal coronary arteries there is strong evidence for the participation of thrombus formation in the pathogenesis of myocardial infarction. 4 Coronary artery spasm may also play a role in initiating coronary occlusion and infarction. 5 There is strong evidence to suggest that cigarette smoking is an important predisposing risk factor for myocardial infarction in the presence of normal coronary arteries.
We report two cases of acute myocardial infarction in young male smokers where alcohol was implicated as a precipitating factor. These cases illustrate an association between cigarette smoking, acute alcohol intoxication, and myocardial infarction in the absence of coronary artery disease. CASE 1 A 21 year old man presented to a peripheral hospital with sudden onset severe chest pain during a rugby match. He had been binge drinking spirits with the rugby team the night before. He smoked 15 cigarettes a day and denied any illicit drug use including cocaine. There was no family history of premature coronary artery disease. The ECG at admission showed hyperacute T waves in the anteroseptal leads with 2 mV ST segment depression in V2-3. He was treated with morphine but was not pain free until 12 hours later.
Case reports
The following day the ECG demonstrated Q waves from V1-5 with ST-T wave changes consistent with an extensive anterior myocardial infarction. The patient was transferred to a tertiary centre for further assessment.
Creatine kinase peaked at 4404 IU/l (normal < 90) and echocardiography showed akinesis of the anterior and anteroseptal segments from base to apex, with moderate impairment of left ventricular function. He was treated with aspirin, intravenous heparin, and captopril. Coronary angiography performed five days after presentation showed no evidence of obstructive coronary disease. Subsequently he was free from angina on no antianginal treatment and had normal exercise tolerance at five years' follow up. Echocardiography showed persistent wall motion abnormalities of the anterior and anteroseptal segments and overall left ventricular function remained moderately impaired. CASE 2 A 23 year old man presented to hospital with sudden onset severe chest pain waking him from sleep in the early hours of the morning. He gave a history of consuming approximately one litre of bourbon the preceding evening but denied using cocaine at any time. He smoked 20 cigarettes a day and there was no family history of premature coronary artery disease. ECG at admission showed Q waves from V1-3 and hyperacute ST segment elevation across the anterior chest leads. He was treated with morphine and aspirin. The day after admission creatine kinase peaked at 4843 IU/l and he developed a pericardial rub and pulmonary oedema. Frusemide and captopril were administered. He was transferred to a tertiary centre for further assessment seven days after admission.
Echocardiography revealed extensive akinesis of the anteroseptal, anterior, and anterolateral segments from base to apex with severe impairment of left ventricular function. Mural thrombus was present, extending anteriorly from the apex to the mid-ventricular level, for which anticoagulation with heparin was commenced.
Coronary angiography showed proximal occlusion of the left anterior descending artery (fig 1) . Intravascular ultrasound examination (3.0 F, 30 MHz imaging catheter; Boston Scientific, Boston, Massachusetts, USA) of the left main, proximal, and middle segments of the left anterior descending coronary arteries demonstrated no evidence of atherosclerotic plaque. An extensive area of mobile intraluminal speckled echodensity (fig 1, inset) was present in the proximal segment of the left anterior descending coronary artery, consistent with mural thrombus. 6 Angioplasty was performed which resulted in TIMI-3 flow in the left anterior descending artery. Angiographically there appeared to be extensive persistent thrombus in the left anterior descending artery with displacement of thrombus into the proximal circumflex artery. These findings were confirmed by repeat intravascular ultrasound. The patient was started on an infusion of abciximab (chimeric monoclonal antibody 7E3 directed against the glycoprotein IIb/IIIa platelet receptor), continued on heparin, and was anticoagulated with warfarin.
Coronary arteriography was repeated one week later, which confirmed patency of the left anterior descending artery and resolution of thrombus. At the time of hospital discharge echocardiography showed left ventricular function remained severely impaired. Subsequently he had several readmissions with ventricular tachycardia and heart failure culminating in admission with resistant ventricular tachycardia and cardiogenic shock. Coronary angiography was repeated and showed that all coronary arteries were patent without evidence of intraluminal thrombus. He died a week later while awaiting urgent cardiac transplantation.
Discussion
The pathogenetic mechanism of myocardial infarction in patients with normal coronary arteries remains unknown. Coronary artery spasm has been shown to cause myocardial infarction in patients with normal coronary arteries 5 and it has been concluded that spasm may initiate myocardial infarction, but only in approximately one third of such patients. 4 7 It has been hypothesised that the mechanism of acute myocardial infarction in these patients is temporary occlusion of the infarct related vessel by spasm or thrombus or a combination of both. 4 In people using cocaine as a recreational drug there is evidence to suggest that cocaine induced coronary spasm can lead to thrombosis and acute myocardial infarction in patients with normal coronary arteries. 8 9 The mechanism of myocardial infarction in these patients includes coronary vasoconstriction, 10 platelet activation, 11 and platelet granule release.
12
Myocardial infarction with normal coronary arteries occurring after alcohol intoxication is not well documented, with this association previously reported in only four patients. 13 14 However, it is well known that ethanol induces concentration dependent vasospasm in coronary arteries. 15 It has also been shown that coronary vasoconstriction itself may damage the endothelium, thereby increasing the likelihood of platelet adhesion and thrombus formation following ethanol related vasoconstriction. 16 Epidemiological studies have shown higher rates of alcohol abuse in men younger than 40 with a first myocardial infarction 17 and higher rates of sudden death in heavy alcohol consumers. 18 In addition, alcohol and cigarette smoking have been shown to have additive eVects on increasing the risk of coronary death, 19 which suggests both are important factors in the pathogenesis of abrupt coronary occlusion in patients with normal coronary arteries.
Cigarette smoking is a commonly identified risk factor in young patients with normal coronary arteries suVering myocardial infarction. 1 3 7 It has been shown that there is increased platelet consumption in young smokers without clinical evidence of coronary artery disease. 20 This relation is presumably related to the mechanism of enhanced platelet aggregation and adhesion seen after smoking cigarettes 21 22 that would be expected to increase the thrombotic risk in smokers with normal coronary arteries.
Previous studies have shown that acute exposure to cigarette smoke does not produce coronary vasoconstriction in subjects with normal coronary arteries. 23 However, there is strong evidence that endothelium dependent (flow mediated) vasodilatation is impaired in smokers 24 and passive smokers 25 without clinical evidence of coronary artery disease. This raises the possibility that chronic smokers without angiographic evidence of coronary artery disease have preclinical vascular disease, and may have an increased susceptibility to vasospastic agents such as alcohol or cocaine.
The most common mechanism of acute coronary thrombosis is rupture of a plaque with a thin fibrous cap overlying a large lipid core. 26 It is established that such vulnerable plaques can be present in arteries that appear angiographically normal. 27 A second mechanism of coronary thrombosis is related to erosion and denudation of endothelial cells over the surface of plaques rich in proteoglycans, and smooth muscle cells adjacent to the lumen. 28 It has been suggested that this mechanism of thrombosis is more likely in younger patients and in women. 29 Cigarette smoking is a risk factor for thrombosis associated with both plaque rupture and endothelial erosion 28 possibly through the mechanism of direct toxic eVects on vascular endothelium. 30 Spontaneous coronary artery dissection is a rare cause of acute myocardial infarction or sudden death occurring most commonly in young women. 31 Histological examination usually reveals evidence of subadventitial haematoma with compression of the true lumen, and obstruction to coronary flow. 32 Intimal thickening with smooth muscle cell infiltration is observed but intimal tears are unusual. 33 Early angiography may demonstrate a radiolucent line representing the intima and media separating true and false channels. 34 If there is no flow into the area of the haematoma, angiography reveals a decrease in luminal area indistinguishable from other causes of stenosis. In this situation, with resolution of the haematoma, subsequent angiography reveals an artery with an apparently normal lumen although the organised haematoma remains recognisable in histological sections.
The angiographic definition of normal coronary arteries relies on axial contrast angiograms of the vessel lumen, which underestimate the presence of atherosclerotic plaque. 35 A contributing factor to the insensitivity of angiography for detection of plaques is that atherosclerosis is associated with medial atrophy and vessel wall dilatation resulting in diVusely diseased arteries appearing to have an angiographically normal lumen. 36 Given the inherent limitations of angiography it is not surprising that there is limited information about the true prevalence of plaques in patients with myocardial infarction and normal coronary arteries. Further insights into the role of plaques in the pathogenesis of thrombosis in such patients is dependent on improved methods of visualising atherosclerotic plaque.
Intravascular ultrasound overcomes the limitations of angiography with tomographic images, which provide accurate characterisation of the vessel lumen and wall geometry, as well as the presence and distribution of atherosclerotic plaque. 37 These advantages mean that intravascular ultrasound is the most sensitive technique for detecting the presence of coronary atherosclerosis in young persons with myocardial infarction and angiographically normal coronary arteries. 38 The advantages of intravascular ultrasound examination are exemplified in the second case where angiography demonstrated an occluded vessel without distinguishing between the possibilities of atherosclerotic obstruction, thrombotic occlusion or spontaneous coronary artery dissection. Intravascular ultrasound showed no evidence of underlying atherosclerotic plaque, but did demonstrate significant intraluminal thrombus. 6 These appearances are consistent with a vasospastic/thrombotic process rather than rupture of lipid laden plaque or plaque erosion precipitating thrombotic occlusion and infarction as seen in those with established coronary artery disease.
Initial reports describe successful lysis of the occluding "thrombus" with intracoronary streptokinase in patients with normal coronary arteries. 4 It is probable, although not proved, that intravenous thrombolysis in this group should be of similar eYcacy to those with established coronary artery disease, and thus should be the standard therapy for young patients presenting with ECG changes of acute myocardial infarction where immediate coronary angiography is not being considered.
Intracoronary vasodilators have been given during the acute phase of myocardial infarction in patients with normal coronary arteries, and have not been eVective in achieving reperfusion. 5 39 In the second case described in this report it was elected to perform angioplasty and administer an intravenous infusion of group IIb/IIIa platelet receptor blocker to achieve the best likelihood of prolonged patency of the infarct related artery and improved survival. 40 41 The prognosis of patients with normal coronary arteries following myocardial infarction has been reported as generally favourable with an 85-96% survival rate. 7 42 An increased risk of subsequent death is associated with more severe impairment of left ventricular function and ventricular arrhythmia 7 39 as seen in our second case.
Coronary artery spasm associated with acute alcohol intoxication and a prothrombotic state related to the platelet and endothelial eVects of cigarette smoking are possible mechanisms of acute myocardial infarction in the two cases presented in this report. The diagnosis of acute myocardial infarction should be seriously considered in all young smokers, especially after acute alcohol intoxication or cocaine exposure. Failure to consider thrombolytic therapy or coronary angioplasty may result in extensive myocardial infarction and impairment of left ventricular function. Early diagnosis and initiation of treatment to achieve early arterial patency should improve outcome in these patients. Dr Williams is supported by the Southland Medical Foundation as the W & GS Dick Research Fellow.
